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ABSTRACT 

Background The treatment of inborn errors of 
metabolism (IEM) has seen significant advances over the 
last decade. Many medicines have been developed and 
the survival rates of some patients with IEM have 
improved. Dosages of drugs used for the treatment of 
various IEM can be obtained from a range of sources 
but tend to vary among these sources. Moreover, the 
published dosages are not usually supported by the level 
of existing evidence, and they are commonly based on 
personal experience. 

Methods A literature search was conducted to identify 
key material published in English in relation to the 
dosages of medicines used for specific IEM. Textbooks, 
peer reviewed articles, papers and other journal items 
were identified. The PubMed and Embase databases 
were searched for material published since 1947 and 
1974, respectively. The medications found and their 
respective dosages were graded according to their level 
of evidence, using the grading system of the Oxford 
Centre for Evidence-Based Medicine. 
Results 83 medicines used in various IEM were 
identified. The dosages of 17 medications (21%) had 
grade 1 level of evidence, 61 (74%) had grade 4, two 
medications were in level 2 and 3 respectively, and three 
had grade 5. 

Conclusions To the best of our knowledge, this is the 
first review to address this matter and the authors hope 
that it will serve as a quickly accessible reference for 
medications used in this important clinical field. 



INTRODUCTION 

Inborn errors of metabolism (IEM) are defined as 
monogenic diseases resulting in deficient activity in a 
single enzyme in a pathway of intermediary metabol- 
ism. 1 Although IEM are individually rare, they are 
collectively common (incidence likely to be more 
than 1/1000). 2 Over 500 human diseases due to IEM 
are now recognised, and this number is constantly 
increasing as new concepts and techniques become 
available for identifying biochemical phenotypes. The 
treatment of these disorders has seen significant 
advances over the past decade. 2 The progress in 
understanding the pathophysiology of the majority of 
these disorders has led to the discovery of several new 
therapies that have made it possible to attenuate the 
severity of the clinical manifestations associated with 
many IEM. Despite the rarity of these disorders, there 
is growing emphasis on the use of evidence-based 
medicine (EBM) in the treatment of such conditions. 
However, EBM faces significant practical difficulties 
in the field of IEM, and experts have pointed out 
some of these challenges. 3 4 Dosages of medications 
used for the treatment of various IEM can be 
obtained from different sources. However, these 



dosages vary between different sources 1-7 and are not 
usually supported by the level of existing evidence. 

This article intends to summarise the dosages of 
medications used in the treatment of IEM as sup- 
ported by the best level of evidence that currently 
exists in the literature. To the best of our knowl- 
edge, this is the first review article that addresses 
this issue, and the authors hope that it will provide 
quick and easy access to a comprehensive list of 
medications used in this important clinical field. 

METHODS 

A literature search was conducted to identify key 
material published in English in relation to dosages 
of medications for specific IEM. The medications 
found and their respective dosages were graded 
according to their level of evidence, using the 
grading system defined by the Oxford Centre for 
Evidence-based Medicine (OCEBM), 8 which, in 
brief, assigns level 1 to randomised controlled trials 
(RCT), level 2 to cohort studies, level 3 to case- 
control studies, level 4 to case series and level 5 to 
expert opinion. 8 

Search strategy 

We systemically identified all known metabolic dis- 
orders or IEM as defined in well established text 
books in the field, namely: The Metabolic and 
Molecular Bases of Inherited Disease, 1 Inborn 
Metabolic Diseases: Diagnosis and Treatment, 5 and 
the Physician's Guide to the Treatment and 
Follow-up of Metabolic Diseases. 6 The references 
for each medication dosage mentioned in the books 
were reviewed. The PubMed and Embase databases 
were then searched for published material not 
covered by these textbooks. Different search terms 
with appropriate subheadings and keywords were 
used. Database searches were constructed based on 
two concepts: specific IEM and treatment. Using 
boolean operators, subject headings and text words 
were combined in all permutations for each indi- 
vidual disorder. The results from searches were 
combined with studies identified from the text- 
books mentioned above. 

Inclusion criteria 

Studies considered in this review are RCT and 
observational studies including cohort, case-control 
and cross-sectional studies and case reports. 
Textbooks and grey literature as far back in time as 
possible were also included. The selection of litera- 
ture for inclusion in the review was based on exam- 
ination of abstracts and indexing (subject headings) 
where available, and on full text or the table 
of contents if accessible. When different dose regi- 
mens were suggested by different sources, the 
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authors chose the doses with the best available evidence. 
Non-English studies and duplicated papers were excluded. 

RESULTS 

Eighty-three medications used in various IEM were identified. 
The dosages of 17 medications (21%) had grade 1 level of evi- 
dence, 61 (74%) had grade 4, two medications were in level 2 
and 3 respectively and three had grade 5. Unsurprisingly, the 
majority of medications that achieved grade 1 level of evidence 
(8/17, 47%) were enzyme replacement therapies for various 
lysosomal storage disorders (see table 1). These medications 
were novel and therefore required Food and Drug 
Administration (FDA) approval, which in turn required a high 
level of evidence. Most of the medications classified as grade 4 
were approved for other indications not related to IEM before 
their use for specific metabolic disorders. For example, arginine 
was already approved for the treatment of growth hormone 
deficiency in children prior to the discovery of its usefulness in 
the management of hyperammonaemia in several urea cycle dis- 
orders. 9 Detailed information about representative examples of 
medications used in the treatment of IEM is given in tables 1-3. 
These include medications used in the treatment of lysosomal 
storage disorders, disorders of organic acids and amino acid 
metabolism or transport, and vitamins and co-factors used in 
the treatment of IEM. For each medication, the tables also 
provide information about indication in IEM, supply informa- 
tion, routes, dosages and level of evidence supporting its use. 
An additional list of medications used in the treatment of IEM 
is provided in the online supplementary table. 

DISCUSSION 

EBM is defined as conscientious, explicit and judicious use of 
current best evidence in making decisions about the care of indi- 
vidual patients. 10 In this systematic literature review, we used 
the current best evidence to select the dosages for medications 
that have been used for the last decade in various IEM. This 
will hopefully provide quick and easy access to information for 
clinicians in this field when determining appropriate dosages of 
medications that may not be routinely used. 

Interestingly, most of the medications used in the field of 
IEM and their respective dosages only have level 4 evidence 
(74%). The gold standard for EBM is the RCT However, 
obstacles to using RCTs to evaluate the efficacy of these medi- 
cations include the rare nature of specific IEM, which makes 
it difficult to achieve significant statistical power when evalu- 
ating a specific treatment modality. Moreover, surrogate mea- 
sures are often used when the disease is so rare or the desired 
outcome is so far in the future that it would take an unrea- 
sonably long follow-up period in order to obtain a sufficient 
number of clinical outcomes. Although the association 
between the surrogate measure and the true outcome may be 
biologically plausible, using the surrogate measure may 
produce misleading results if the association with the true 
outcome is not based on hard endpoints. 11 Additionally, since 
many treatments for IEM have been used for decades, it may 
be difficult to go back and perform RCTs to prove their effi- 
cacy. A clear example of this issue is arginine hydrochloride 
for the treatment of urea cycle disorders. 

The above observations are also reflected in a few established 
guidelines for the treatment of some IEM. For example, 
L-carnitine supplementation for patients with glutaric aciduria 
type 1 (GA1) was among the recommendations considered to be 
good clinical practice in a recently published guideline for the 
diagnosis and management of GA1. 12 However, this was largely 



based on biological plausibility and expert opinion. On the 
other hand, although the American College of Medical Genetics 
recommendation of enzyme replacement therapy in patients 
with Fabry disease relies on level lb evidence, adjuvant therapy 
recommendations rely on evidence obtained from studies not 
carried out in patients with Fabry disease. 11 13 

IEM are considered orphan diseases, a situation that causes 
difficulties in conducting RCTs because of the small number of 
patients found and the paucity of funding from pharmaceutical 
companies relative to common diseases. The FDA relaxed their 
role in the approval of new drugs used for the treatment of spe- 
cific IEM and considers them as orphan drugs to be prescribed 
under compassionate use. Some of the medications currently 
used in the treatment of IEM have benefited from this relax- 
ation, including carglumic acid (Carbaglu) for the treatment of 
acute hyperammonaemia resulting from a deficiency of the 
enzyme N-acetylglutamate synthase, and alglucosidase a 
(Myozyme) which was approved in April 2006 as enzyme 
replacement therapy for Pompe disease. 

Despite the various challenges that face the development of 
evidence-based practice in patients with IEM, therapeutic trials 
are still being conducted and may pave the way for more 
evidence-based therapeutic interventions for these disorders. 
Substrate reduction therapies and molecular chaperone therapies 
are examples of two therapeutic modalities with active ongoing 
clinical trials in some IEM (http://www.clinicaltrial.gov). 

This review has several limitations and gaps and caution 
should be used when accessing the information in the online 
supplementary table. These limitations include the fact that 
knowledge of IEM is continuously and dynamically changing 
and it may not be long before the information in this review is 
outdated. Secondly, the existing tools frequently used for EBM 
such as the OCEBM grading system, were mainly designed for 
common disorders rather than rare diseases. This renders critical 
appraisal of the evidence very difficult and may be inaccurate or 
misleading. For example, although many studies reach level 1 
evidence, all were measuring surrogate markers as the primary 
end point, which may not necessarily correlate with significant 
clinical outcomes. For example, dichloroacetate has been used 
for the treatment of congenital lactic acidosis in case series. 
When examined in an RCT, it was shown to reduce lactate, a 
surrogate marker, but was not associated with improved neuro- 
logical or clinical outcome. Third, some medications have 
reached level 1 evidence when used for disorders other than 
IEM, but the evidence supporting their use in metabolic disor- 
ders is derived only from case reports. For example, the use of 
baclofen to treat spasticity in patients with glutaric aciduria 
type l 12 is based on its use for treating spasticity in children 
with cerebral palsy. 15 

In summary, clinicians face several challenges and obstacles 
as they try to select the appropriate dosages of medications 
to treat their patients with IEM. Using the currently available 
evidence for these decisions may help resolve some of 
these difficulties until standard guidelines and recommenda- 
tions are published. 
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